Purpose: The aim of this study was to review the published literature addressing the question of whether geriatric assessment (GA) should be routinely applied in the treatment of older adults with esophageal cancer (EC) who have received definitive concurrent chemoradiotherapy (dCRT).
Introduction
Esophageal cancer (EC) is a prevalent disease with a very poor prognosis. It is the fourth most common cause of cancer death in People's Republic of China. 1, 2 As life expectancy is expected to increase over time, the number of older adults with EC is likely to increase worldwide. However, due to the vast heterogeneity in the aging population, elderly patients are underrepresented in most clinical trials. How to best manage this specific population is still a great challenge. In a recently published study, 21,593 elderly (aged over 70 years) EC patients with clinical stage II or III cancer identified from the National Cancer Database were retrospectively analyzed. Demographic characteristics revealed that 37.1% (8,010/21,593) of patients had received definitive concurrent chemoradiotherapy (dCRT). 3 Considering that some patients were diagnosed with clinical stage I or IVa cancer, we believe that more than 37.1% of elderly EC patients were recommended dCRT as the firstline of cancer therapy.
Currently, there is consensus within the geriatric oncology community that chronological age alone is a poor descriptor of the heterogeneity that exists within the aging process. Variation in physiological reserves, comorbidities, geriatric syndromes, and limited social support networks also contribute to the risk associated with aggressive treatment modalities. In light of these circumstances, the International Society of Geriatric Oncology (SIOG) and National Comprehensive Cancer Network established recommendations for geriatric assessment (GA) to help oncologists determine suitable treatment choices for older patients. [4] [5] [6] However, the role of GA in the application of dCRT for elderly EC patients remains to be clarified.
Thus, the purpose of this study was to conduct a systemic review of all existing observational cohort studies on the use of GA in the treatment decisions for elderly EC patients receiving dCRT. However, due to the low number of previous studies that used GA in pretreatment evaluation, we summarized the inclusion and exclusion criteria and other important aspects related to GA, including treatment compliance and toxicity for older adults with EC, focusing on whether GA-related domains were routinely applied. We provide some potential suggestions for registered clinical trials in the future.
Materials and methods

Search strategy and article selection
A systematic literature search for articles published between January 1, 1990 and December 31, 2017 was conducted in PubMed, Embase, and Cochrane Library with the assistance of a research librarian. The primary outcome was to identify all publications containing original data on the use of dCRT in older adults with EC, including study inclusion and exclusion criteria, treatment compliance, and reports of severe toxicity. The following terms were used as search terms: (esophageal or esophagus or oesophageal) and (cancer or carcinoma or neoplasm or tumor or tumour) and (aged or older or elderly) and concurrent and treatment. Exclusion criteria for search results were as follows: the study involved neoadjuvant chemoradiotherapy (nCRT) with surgery; the study was in Phase I; the study involved palliative chemoradiotherapy; the study was not published with the full text; the study was combined with nCRT or radiotherapy alone; and the study results were not reported exactly. The search did not restrict the type of publication but was limited to English language.
To identify ongoing clinical trials focusing on the efficiency and safety of dCRT for older adults with EC, the World Health Organization registry network (http://www.who.int/ ictrp/network/primary) and the National Institutes of Health (NIH) clinical trial registry (http://www.ClinicalTrials.gov) were searched on December 31, 2017, using the search terms "esophageal cancer" and "radiotherapy." The search was limited to only interventional trials currently recruiting elderly EC patients or intending to start recruitment.
Review methods
The abstract of each article was first reviewed by the corresponding author (SW). Irrelevant citations were removed according to the selection criteria, thereby creating a preliminary set of potentially relevant publications. Then, the fulltext articles were distributed to the review team along with an evaluation form customized for reviewing the GA-related domains previously mentioned: study selection criteria, reports of severe toxicity and treatment compliance (TS and MF). The evaluation results were compared and reevaluated until consensus was reached between the two reviewers. For ongoing clinical trials, the following data were also extracted from the registry website: registration number, country, chemotherapy regimen, inclusion age, and GA-related domains mentioned in the selection criteria.
To allow the combination of performance status data, a score of 100 on the Karnofsky Performance Scale Index (KPS) was considered equivalent to an Eastern Cooperative Oncology Group performance status (ECOG PS) scale score of 0; a score of 80-90 on the KPS was considered equivalent to an ECOG PS score of 1; and a score of 60-70 on the KPS scale was considered equivalent to an ECOG PS score of 2.
7 GA-related domains were classified using the following categories: "demographic data and social support," "comorbidity," "functional status," "cognition," "psychology," "nutrition," "polypharmacy," and "geriatric syndromes," following the SIOG recommendations released in 2014. 5 In the published reports, restrictions in selection criteria were labeled as "specific criterion mentioned in the report" or "not limited" or "not reported" for each category listed above. In the registered clinical trials, restrictions in selection criteria were labeled as "strict," "mentioned," or "not reported" for GA-related domains.
Results
Description of studies and methodological issues
After examination of the relevant abstracts and full-text articles by the review group, a total of 29 published studies involving 1,487 EC patients were incorporated into the systematic review. A flow diagram of citation retrieval and 
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dCRT for elderly eC selection is presented in Figure 1 . The basic characteristics of patients and GA-related domains mentioned in the methods and results are summarized in Table 1 . Of these 29 reports, 5 studies were single-arm prospective clinical trials and the other studies were retrospective studies. Of the five prospective studies, one study used radiation with concurrent targeted therapy of gefitinib. Patient sample size in the eligible studies ranged from 7 to 188. Nearly 84.4% (1,255/1,487) of patients were diagnosed with esophageal squamous cell carcinoma (ESCC). Eleven reports defined the chronological age of 70 as the cutoff age for older adults. Among studies, considerable variation was found across chemotherapy regimens, radiation therapy doses, and radiotherapy parameters. These methodological issues made comparing the results challenging both within study groups and between studies.
GA-related issues
Unfortunately, "demographic data and social support," "psychology," "polypharmacy," and "geriatric syndromes" categories were not described in any of the selected studies (Table S1 ). Only one prospective study conducted by Servagi-Vernat et al 8 used Folstein's test as the GA for "Cognition." The other domains are presented in the following.
Functional status
ECOG PS and KPS were the two most commonly used tools of functional status assessment in daily oncological practice. Among the 29 selected studies, 2 studies did not clearly report the functional status of elderly patients. For the remaining 27 studies, 15 studies used the basic ECOG PS score of 0-2 for inclusion, and 6 studies restricted the ECOG PS score to 0-1 for inclusion. Among the 16 studies that clearly demonstrated the proportion of performance status scores across patients, 77.2% (586/759) of the patients were assessed at an ECOG PS score of 0-1, and 173 patients were assessed at an ECOG PS score of 2-3. It is worth mentioning that only one prospective study, also conducted by Servagi-Vernat et al, 8 used Instrumental Activity Of Daily Living as an additional instrument for evaluating functional status.
Comorbidity
Comorbidity is a characterization factor for elderly cancer patients. In this review, 18 studies mentioned comorbidities in enrolled patients. Among them, the Charlson Comorbidity Index (CCI), or its age-adjusted version (ACCI), was the most common tool for assessing comorbidity. In the five prospective studies, two clinical trials, both conducted by Servagi-Vernat et al, 8 used inclusion criteria of CCI 
Nutrition
Malnutrition would certainly increase the risk of antitumor therapy and influence clinical outcomes, especially for elderly EC patients. In our systematic review, we found that the two prospective trials by Servagi-Vernat et al 8 had criteria excluding patients with weight loss of more than 15% from baseline. In another Phase II trial conducted by Ji et al, 10 weight loss was not used as an exclusion criterion, but over half of the patients (17/30, 56.7%) had 10% weight loss over nearly 6 months. Fourteen of the 24 retrospective studies did not reveal any results related to nutrition. The remaining 10 retrospective studies did not restrict the inclusion criteria in terms of malnutrition, with the main proportion of weight loss ranging from 0% to 10%.
Treatment compliance and severe toxicity
Different chemoradiation therapies could result in variable treatment compliance. In our systematic review, a total of 16 studies detailed the wide range of treatment compliance in elderly EC patients. The compliance rates ranged from 38.5% to 100%. Single-agent chemotherapy or targeted therapy had relatively higher treatment compliance rates (70.6%-100.0%) than did double-agent chemotherapies (38.5%-95.0%). The results of grade 3 or higher acute treatment-related toxicities are also presented in Table S2 . Leukopenia was the most common acute toxicity reported in the literature, with incidences ranging from 0% to 72.7%. Ten studies also reported the incidence of severe neutropenia, ranging from 0% to 53.6%. The incidences of two other hematologic toxicities, anemia, and thrombocytopenia were 0%-45.5% and 0%-50.0%, respectively. Esophagitis was the most common radiation-related acute toxicity for elderly EC patients, ranging from 0% to 39.3%. Nausea/vomiting was the second most common during the acute phase. Other acute toxicities (grade 3) were rare with moderate tolerance.
Registered clinical trials
Nine registered clinical trials were found in the WHO and NIH registry network, based on our research methods ( 
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dCRT for elderly eC detailed their study protocol in another journal. 37 Among the nine studies, chronological age, comorbidity, and functional status were commonly established as notable markers for the assessment of the elderly. To our surprise, the inclusion criteria of malnutrition was only strictly restricted in three studies. Other meaningful markers such as "cognitive status," "polypharmacy," and "geriatric syndromes" were sporadically mentioned in these studies.
Discussion
Currently, high quality data from older adults with EC treated with dCRT are extremely limited, according to our systematic review. In the largest retrospective study to date, involving patients over 70 years of age diagnosed with esophageal cancer, Vlacich et al 3 showed that over 37.1% of elderly patients received dCRT and had a satisfactory median overall survival (OS) time of 14.0 months (95% CI: 13.5-14.5). 3 By contrast, for elderly patients treated with trimodality therapy, the median OS time was only increased to 19.3 months (95% CI: 17.1-21.5) with the added sacrifice of abnormal esophageal function that had an equally important impact on psychological and geriatric syndromes. Using multivariate logistic regression, they found that age over 80 years (odds ratio: 0.79) was a strong indicator of decreased OS likelihood and that patients with clinical stage III, tumors in the upper and middle third of the esophagus, a Charlson-Deyo comorbidity score 1, adenocarcinoma histology, and being treated at a non-academic cancer center were more likely to receive esophagectomy in the USA. Another large sample retrospective analysis from the National Cancer Database provided the opportunity to review treatment utilization and outcomes in patients 80 years of age diagnosed with stage I esophageal cancer. Their analysis revealed that 22% of elderly patients received dCRT among the 923 patients. The survival curve demonstrated a remarkable benefit over observation alone (5-year OS: 20% vs 7%, P0.001) with the acceptable toxicity profile of dCRT.
38
Apart from known factors that are often associated with treatment disparities such as socioeconomic status and chronologic age, the functional and nutritional status at diagnosis influenced treatment utilization. In 2010, Tougeron et al 39 investigated the baseline parameters that influenced both therapeutic decisions and outcomes in 282 elderly EC patients. Their outcomes further suggested that elderly EC patients with good performance status, good nutritional status, and without serious comorbidities were able to benefit from curative treatment without severe adverse events. 39 In addition to functional and nutritional status for the elderly patients, items of psychology and polypharmacy also play an important role in treatment decisions. In a randomized controlled study evaluating the psychological nursing interventions on personality characteristics and quality of life of EC patients, Cheng et al 40 proved that a psychological nursing intervention could affect the personality characteristics of EC patients and improve quality of life. Furthermore, analyses from elderly Danish cancer patients (including EC patients) showed that newly diagnosed elderly cancer patients (70 years) use more drugs than control patients (odds ratio: 1.76). Drug use increased markedly in the last 6 months prior to cancer diagnosis. 41 This finding suggested an increased symptom burden in elderly patients and might serve as a warning signal for general practitioners.
In general, elderly EC patients were at increased risk of severe treatment-related toxicities and had a lower incidence of treatment compliance than younger patients. Based on the current review, compliance rates ranged from 38.5% to 100%. Single-agent chemotherapy or targeted therapy seemed to have higher treatment compliance (70.6%-100.0%) than did double-agent chemotherapies (38.5%-95.0%). Unlike combined therapies for non-age-selected patients, our recent Phase III trial demonstrated that dCRT (TP regimen and radiation therapy) with erlotinib could achieve significantly better OS and locoregional control than standard dCRT in patients with inoperable ESCC. Furthermore, this trial confirmed that, aside from rash and radiation esophagitis, the incidence of grade 3 or greater toxicities were manageable and did not differ across the four groups. 42 Traditionally, it was thought that elderly patients have fewer body function reserves, shorter life expectancy, and more need for socioeconomic support than young patients. Therefore, this finding suggests that aggressive treatment decisions might not be suitable for this unique and challenging subpopulation. In a small-sample retrospective analysis, Wang et al 33 observed a significantly higher incidence of severe leukocytopenia in ESCC patients aged 75 than in patients aged between 70 and 75 years (41.9% vs 72.0%, respectively, P=0.024). Hence, a detailed and full pretreatment evaluation, especially containing GA-related domains should be routinely applied to select appropriate elderly patients to receive dCRT.
Conclusion
Our systematic review fully demonstrates that the current experience of receiving dCRT in elderly patients is based on the results of a series of retrospective studies. High-level evidence of RCTs remains lacking. Ongoing prospective clinical trials should take GA-related domains into routine Clinical Interventions in Aging 2018:13 submit your manuscript | www.dovepress.com
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Song et al consideration to select appropriate care for patients in the future. Survival benefits and the toxicity profiles should also be balanced among these treatment strategies.
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